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SUMMARY
A set of graphs and tables is presented which permits the rapid
determination of the elastic state of stress at any point in a thin,
flat rectangular plate of uniform thickness loaded by both spanwise and
chordwise thermal gradients. In addition, all relations from which the
graphs and tables were developed and the derivation of those expressions
are given. Examples illustrating the method of using the graphs and
tables and demonstrating the accuracy of the results obtained therefrom
are presented.
INTRODUCTION
Restrictions on the weight and size of many modern structures make
necessary a very accurate estimate of the state of stress in a given
application to take full advantage of the load-carrying capacity of
available materials. It is frequently impossible to produce exact solu-
tions for a specific geometry, and common practice is to approximate the
exact configuration by one or a series of simple geometric shapes such
as plates, cylinders, disks_ and spheres. Even that simplification very
often leaves a problem whose solution is of considerable difficulty.
The problem of determining the state of stress in a rectangular
plate of uniform thickness subjected to a thermal gradient has been
treated extensively in reference i. However, that treatment is for
chordwise temperature variations only, and completely neglects end ef-
fects. Other authors (refs. 2 to 8) have treated the problem in detail,
taking into consideration end effects and two-dimensional temperature
distributions. They make use of methods of various degrees of approxi-
mation, some of which are quite difficult to use.
The collocation procedure developed in reference 2 was shown to
give accurate solutions to this problem. Its disadvantage is that it
requires operating on a system of linear, ordinary differential equations
whose solutions involve complex coefficients and exponents. If, however_
the variables of the problem are properly dimensionalized, the system
need be solved only once for all problems. Further, the availability of
high-speed computing equipment simplifies the evaluation of the solution
for a variety of conditions.
It is the purpose of this paper to present the solution to the
problem of determining the elastic state of stress in a rectangular
plate of uniform thickness subjected to a thermal gradient in two di-
rections. The solution, which was developed by the collocation method,
is in the form of tabulated functions that maybe easily combined lin-
early to produce very accurately the elastic stress distribution for a
large class of problems and for span-to-chord ratios varying between
0. i and 5.0. The major restrictions are that the temperature distri-
bution does not change rapidly between the stations at which the solu-
tion is developed and that the function representing the temperature
distribution must be separable into the sumof a function in x only
and a function in y only. Only solutions for the longitudinal and
lateral stresses are presented. The analysis of reference 2 showedthat
the shearing stresses developed are extremely small.
The remainder of the main body of the report is devoted to an ex-
planation and examplesof the use of the solutions. Appendix A briefly
outlines the general method of obtaining the solutions and presents
literal expressions for them. A detailed derivation of the method of




METHOD OF USING TABLES AND CHARTS
To solve a specific problem, either tables I to XXV_ or figures i
to 26 may be used; the same information is presented in both. The in-
formation in the tables is more directly accessible, but the figures
permit more rapid interpolation when such becomes necessary. The fig-
ures also quickly make apparent the location of the maximum stresses.
Comparison of tables I and II with figures i and 2 will disclose the
nature of the information presented therein.
It will be observed that the two tables and the two figures contain
values of two sets of stress parameters, ei and ¢i, as a function of a
pair of rectangular coordinates, x and y. These stress parameters are
so defined that the stresses at each point may be determined from them
as follows:






_y = Eo_oTo(Gl@l + G2¢ 2 + G3¢: 5)
where the G i depend on the temperature distribution for a given prob-
lem. (All symbols are defined in appendix B. ) F1_rthermore, this in-
formation corresponds to a specific value of the _:_pan-to-chord ratio _,
namely, _ = 0. i. Examination of the remaining tables and figures re-
veals that there are two tables and two figures for each of thirteen
values of _ ranging from _ = 0. i to 3.0. Finally, it will be noticed
that table I is labeled for "even temperature distributions" and table
II for "odd temperature distributions. " Similarly, figure i is for even,
and figure 2 for odd, temperature distributions. All the tables and
figures are divided in this manner.
The remainder of this section is devoted to an explanation of the
use of the information in the tables. The same instructions apply un-
conditionally to the use of the figures.
In order to make use of the information tabulated therein, there
must be available a function relating the product of Young's Modulus,
coefficient of linear thermal expansion, and temperature (F_T) with the
coordinates of the plate (fig. 27). This may be either a literal ex-
pression or a numerical array. Once this function has been obtained,
and the overall dimensions of the plate established, two separate pro-
cedures must be followed to yield the stresses at a given point within
the plate. The first is labeled Preparatory Procedure, and the second
is called Specific Calculations. They are outlined step by step in the
ensuing discussion, and examples are shown in the following section.
Preparatory Procedure:
(I) Orient the plate with respect to a set of Cartesian coordi-
nates so that the origin is at the center of the plate and there is a
temperature variation in the vertical direction. For temperature vari-
ations in both directions the problem must be divided into two parts,
with the plate rotated 90 ° for the second part and the entire procedure,
steps 2 to 14, repeated.
(2) The maximum ordinate is arbitrarily defined as the semichord,
and the maximum abscissa as the semispan. Divide all coordinates by the
semichord dimension. The maximum ordinate is now unity. The maximum
abscissa is defined to be _.
(_) Express the F_T function in terms of the x-y coordinates
developed in step 2.
(4) Find the Implacian of the F_T function. This Laplacian will
be called the L function. In those cases for which there is available
a literal expression for F_T,
_2
In those cases for which F_T has been expressed as a numerical array,
a finite difference approximation must be used. The following five-
point central-difference formula is widely used:
1 _mT)i_l, -i + (roT) +v2(mT)ij j i-l,j+l (mT)i+l,j-i
+ (mT)i+l,j+l- 4(m )i 
where H is the distance between adjacent points. It will be observed
that the preceding expression is valid only for points not on the bound-
aries_ but the subsequent steps will show that L is not needed on the
boundaries. More accurate approximations are readily available from the
literature and in some cases may be desirable. Finally, it may be found
that performing the operation in step 8 before this step produces num-
bers that are easier to use in performing numerical calculations.
(5) Separate the L function into the sum of two functions, L(x)
and L(y). An L(x) will exist only if there is a temperature variation
in both directions. Such a circumstance is handled by the procedure
outlined in step i. Therefore, only the L(y) produced by this step is
used in subsequent steps.
In general, performing such a separation is a difficult task. How-
ever, in practice the problem is considerably simplified. The most ob-
vious method is to approximate the function as a polynomial or a Fourier
series, taking care not to consider terms containing products of x and
y. In the case for which L is an array, such a procedure is necessary.
(G) Separate L(y) into the sum of two functions: an even function
Leven , and an odd function Lod d. The following steps, 7 to 12, must be
repeated for each, Leven and Lod d-
No complicated analytical method need be applied at this point be-
cause the value of the function is required at only three points. The
simplest method is the following:








(7) Evaluate Leven at y = 1/6, y = S/6, "_nd y = 8/6.
(8) Divide the three values found in step 7 by the product of the
reference data, Eo,_oTo. The three numbers produced are GI, G2_ and
G3, corresponding to y : i/6, 3/6, and 5/6, respectively.
(9) Choose the table corresponding to the value of
step 2. Use the even or odd table, depending on whether




(i0) Choose a value of x and a value of y at which the stresses
are desired.
(Ii) Read @i and @i from the table for that value of x and
3
(12)CalculateS ai iand = Oi®i-
i=l i=l
(IS) Sum the 8' s and ¢'s found for Leven and Lod d at each
value of the coordinates. Care must be exercised to attach the proper
sign to Leven and Lod d for quadrants other than the first.
(14) The stresses at each point for the component of thermal grad-
ient being calculated for this orientation of the plate are products of
the summed stress parameters at that point and _he value of Eo_oT o at
the reference point: _x : Eo_oTo® and ay = Eo_oTo ¢-
(15) l_or the case in which there is temperature variation in both
directions, another set of stresses must be added to the set found in
step i_. Extreme care must be exercised at thi_: point to insure that
the stresses summed all correspond to the same point in the plate and
that the proper stresses are summed. The definition of lateral and
longitudinal stresses changes when the plate is rotated. The tables
and graphs are given in terms of x/_ ranging from 0 to ! rather than
in terms of x ranging between 0 and _. This is a considerable aid
in keeping track of corresponding points in the two separate calcula-




As a first example, consider the stress distribution in an in-
finitely long, flat strip of uniform thickness produced by a parabolic-
chordwise thermal gradient defined by T/To = y2 _ i/3, E and _ being
6constant. The method of reference i produces the following stresses at
a distance far from the free end:
x =i _ y2F_To 3
_y
¢=_o =0
Using equations (AI8) and (A!9) gives
Gi(Yi ) = V2(T(Yi)/To ) = V2(_2 - 1) = 2
3
8(x,y) -- _ 2%(x,y)
i=l
3
¢(x,y) = _ 2$iCx,y)
i=l
With the assumption that the solution given at x = 0 for _ = 5
approximates the solution for the semi-infinite plate, table XXVwas
used for the values of ei and ¢i; 8(0,0), for example, is given as
@(0,0) = 2(0.1217 + 0.0414 + 0.0044) = 0.5,55
Table XXXIII and figure 28 comparethe stresses calculated by the two
methods. It is to be noted that the maximumdifference in 8 is quite
small - an amount not discernible on the graph.
As a second example, consider a plate having a span-to-chord ratio
of 2 and subjected to a thermal gradient defined by
T___= sin(Sx) + cos(y)TO
Gi = V2(_-_ = -25 sin(5x) - cos(y)
\_oJ
The problem will be divided into two parts, and the results from each
summed. First, consider the variation in the x direction; _ has been
defined as the ratio of span to chord for chordwise temperature varia-
tions. So, for this case, the plate must be so oriented that the short-
est dimension lies parallel to the x axis, and 6 = 0.5,
Gi = -25 sin(SYi). Sin(y) is an odd function; therefore, table X is used
for the values of ei and ¢i" The values of Gi are G1 = -18.50,





direction, the plate is rotated 90° . Now, _ = 2.0, Gi = -cos(Yi) , and,
cos(y) being an even function, table XXI is used for the values of ®i
and ¢i" The Gi are G I = -0.9861, G 2 = -0.8776, and G 3 = -0.6724.
Figures 29 and 30 show the results of the calculations along the x
and y axes.
As a final example, consider a plate having a span-to-chord ratio
of 3 and the following temperature distribution:
T_ = 1.014- 0.08940 y + 0.001074 (I - y)9
To
This problem is also considered in reference 6, using the methods of
references 3 and 4. Figures 31 and 32 compare the results obtained by
using those methods with the results of this report. Figure 33 compares
with the results of this report the solution far from the end of an
infinitely long strip, which closely approximates the solution for large
values of _.
DISCUSSION
The examples of the preceding section demonstrate the accuracy of
the collocation method for thermal stresses in flat plates. Where the
stresses can be found by the exact method described in reference i,
there is virtually no difference between the exac:t solution and the
approximate solution presented in this report. Figures 28 and 33 show
no discernible difference for the parabolic and the ninth-degree tem-
perature distributions. Table XXXIII shows the solution to more signif-
icant digits than can be plotted on a graph the size of the pages in
this report, and indicates a very small maximum difference for the para-
bolic distribution.
Figures 31 and 32 compare certain results of the collocation method
with the results of the energy method of Heldenfels and Roberts (ref. 3)
and the method of self-equilibrating polynomials of Horvay (ref. 4).
There is quite close agreement in the dimensionless longitudinal stresses
® among the three methods. In fact, there is no discernible difference
between the collocation method and the method of self-equilibrating
polynomials. The latter two methods also show close agreement in the
lateral stresses.
Figure 32 indicates much poorer agreement between the maximum
chordwise stress calculated by the method of reference 3 and the other
two methods. However, it should be noted that in magnitude this dif-
ference is no larger than the greatest difference for the spanwise
stress.
The results plotted in figures 31 and 32 are the result of calcu-
lations based on equations (A20) of appendix A. Extreme caution must
be exercised in interpolating between the values plotted in the figures.
For this example, it was found necessary to cross-plot the proper fig-
ures and use a quadratic interpolation formula because the curves are
varying quite rapidly at y = 0.9. Results obtained from attempts to
interpolate by eye directly from the graphs were very poor, and linear
interpolation after cross-plotting gave only fair answers. The quad-
ratic interpolation gave muchmore satisfactory answers.
The large numberof calculations necessary for the production of
the graphs and tables for this paper makesessential a rigorous checking
procedure for any confidence to be placed in the results. In addition
to using normal checking procedures, the entire problem was solved a
second time using finite difference methods. The solution produced was
the algebraic sumof the ei and the algebraic sumof the ¢i at each
point. Excellent correlation was obtained between the two methods,
giving confidence not only in the correctness of the calculations but
also in the accuracy of the method.
It should be noted that the equations solved for this report, equa-
tion (A4) with boundary conditions (AS) and (A6), describe other phys-
ical situations than that treated here. Therefore, the charts and
tables presented can be used for any problem that is defined by equa-
tions (A4) to (AS). For example, the familar problem of determining
the deflections in a rectangular plate rigidly clampedalong all four
edges is in this category. The equation to be solved is
i
V_ (x,y) -- _ q (x,y) (1)





where h is the thickness, and E and w are Young's modulus and
Poisson's ratio, respectively. The maximum moments are given by
Mx=
and the stresses at the outer fibers are
(3)








It must be borne in mind that the tables here are in terms of dimension-
less quantities obtained by dividing the equations through by the right-
hand side. So, for the preceding problem, the tables can be considered
as giving the following quantities:
_2 WD i _2 WD
s - , ® .... (s)
_y2 q _2 _x_! ', q
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The problem of defining the elastic stress distribution in a thin
flat plate falls into the category of plane stress problems. The equa-
tion defining such problems is quite frequently written in terms of
Airy's stress function, the stresses in turn being defined in terms of
that function (ref. i). Using that procedure for the thin flat plate
subjected to a thermal gradient produces the partial differential equa-
tion (ref. 2)
(_)







derived from the normal and shear stresses vanishing on the boundary,







The solution to equations (AI), (A2), and (A3) is presented in de-
tail in reference 2. The method is summarized in the remainder of this
section with the nomenclature of this paper.
For greatest generality, a transformation is made to another co-
ordinate system having the following properties:










The plate is shown with respect to these coordinate systems in figure






and _ is Airy's stress function in the new coordinate system_ and
equations (A2) and (A3) become
_(_,y) -- _(_,y) = _(x,1) --_ a(x, 1) = o (As)
% _E n(x,:_)
-- EoaoT o 8y2
Eo_oTo _x 2
Eo_oTo 8x _y
For variations in both the x and the y directions_ two separate
solutions can be found and superposed, inasmuch as the differential equa-
tion (A1) is linear and the principle of superposition applies. For
simplicity, then_ assume that the temperature varies only in the y
direction:
T --T(y), r --r(y) (AT)
For temperature variations in the other direction, the obvious coordinate
transform may be made. For additional simplicity, with no loss of gen-
erality, separate T into two functions
T(y) = Teven(Y) + Todd(Y) (AS)
such that Teven is an even function and Tod d an odd function. Again
by superposition, two solutions can be found and combined. In the en-
suing discussion only the even part is treated. The odd part is handled
in a similar manner.
It should be noted that nowhere in the following discussion is any
restriction placed on E and _. These quantities also may vary with
the coordinates of the plate.
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Solving equation (A4) approximately, using a collocation procedure
whereby the differential equation is satisfied everywhere in x but
only at a finite number of equally spacedvalues of y, the solution is
assumedto be of the form:
n
_(x,y)= _ _k(x)Pk(y) (Ag)
k=l
where Pk is a polynomial associated with the kth station and has
the property
Pk(Yj) = 5kj (AI0)
and satisfies the boundary conditions in y, namely:
Pk(1): P_(1)= o (All)
Such polynomials are easily obtainable and for the even temperature
distribution have the form:
(AI2)
Evaluating equations (A9) and (A12) and substituting into equation (A4)
at each station produce a system of n simultaneous, linear, ordinary
differential equations of the form
_"-+ DIIg__' + EII_ Ii
+ D21_ + _i_2
_- . •
. v2 )+ Dnl_n + Enl_n = - P(Yl
(AI3)
fl_" + Dlnn _'+ ElnflI
T!
+ D2n_ 2 + E2n_ 2









Inasmuch as the right-hand sides are even functions of x (they are
actually constant with respect to x), only the even part of the solu-
tion is necessary. Using conventional procedures produces the homogene-
ous solution as a sum of exponential quantities. Rearranging for con-
venience produces the following solution:
= _ j [aij cosh(gjx)cos(hjx)+ bij sinh(gjx) sin(hjx)]
+ Bj[-bij cosh(gjx) cos(hjx)+ aij sinh(gjx) sin(hjx)]} (AIS)
i= i, 2, . .
where the gj and hj are solutions of the determinantal equation
associated with system (AIZ_).
In order to determine the constants Aj and Bj and the particular
solutions_ and hence the complete solutions, the specific values of the
right-hand sides must be ki_own. Since the right-hand sides are constant,
a particular solution may be formed from a linear combination of the




where the Zij are solutions of a set of n linear algebraic equations
resulting from the substitution of equations (AI6) into equations (AIS).
Once the particular solutions have been obtained_ they may be combined
with the homogeneous solutions, equations (AI5), and substituted into
the expressions for the boundary conditions, equations (AS), d_veloping
a system of 2n linear algebraic equations in Aj and Bj.
It is desirable to develop a right-hand side to system (AIS) and a
solution for it in such a manner that the complete solution to any spe-
cific problem may be rapidly determined from that solution, obviating
the necessity for the development of, and solutions to, systems of alge-
braic equations. Because system (AIS) is linear, such a procedure may
be followed.
14
A set of n right-hand sides for system (AIS) was chosen, and n
solutions were found. These n solutions maybe combinedfor any spe-
cific problem, the combination depending on the temperature distribution
for that problem. Each right-hand side is the negative of one of the
columns of the identity matrix of order n. This results in n solu-
tions of the form of equation (AI5), differing only in the values of
Aj and Bj and n sets of particular solutions associated with them.
















It was shown in reference 2 that, for problems for which the exact
solution to equation (A_l) could be found, the preceding method gives
extremely accurate results, and no substantial increase in accuracy re-
sulted from increasing n above 3. Therefore, all further results





The relations that follow describe the solutions for either even
or odd temperature gradients, depending on the values assigned the co-
efficients. Tables XXVII to XXXII tabulate all the coefficients nec-
essary to define completely the solutions except for the multiplicative
constants Gi, which depend on the temperature distribution. The con-
stants Ajk and Bjk depend on the boundary conditions and hence the
value of _. For values of _ other than those tabulated, they must
be computed from the boundary conditions in the normal manner. The





e(x,y) = _ ai(yi)el(X,y)
i=l
3

















where i = i, 2_ 5.
Note that, of the following systems of equations, systems (A21)
and (A25) have slightly differing forms for even and odd temperature
distributions. This is because the determinantal equation associated
with the even temperature distribution has all complex solutions, while










_h = _ L_ + _ (_
k=l + AjsCi_O_(3$) + Bjsdi3 _3
+ A_Sei_
where i = I_ 2_ 3; j = i_ 2_ _; odd c_se onlY. -,











r ,2k-2Pj(Y)= jk J
k=i
_ s y2k-1P:(Y) jkJ
k=l
P'!(y) _ t .2k-2j jks
k=l
(A2Sa)
where j = i_ 2, S; even case only.
5





P_(y) = _ tjk
k=l
(A25b)
where j = I, 2, 3; odd case only.
ij = _ij
where i = i, 2, 3; j = i, 2, 3.
The expressions for _i and @i from equations (A20) have been
evaluated at a number of points for several values of 6, and the solu-
tions are tabulated in tables I to XXVI and are presented graphically
in figures i to 26. The _i are not tabulated because reference 2
shows the shearing stresses to be quite small in relation to the other
stresses for problems of this type. Cross plotting of the graphs en-
ables one to obtain solutions at intermediate values of 6, and permits
more accurate interpolation between values of y. Those solutions, used
in equations (AIT) and (AI8), give the stress distribution in any plate
having a span-to-chord ratio of 6. For two-dimemsional thermal grad-
ients the plate is oriented one way with respect to the x,y axes, and
the solution is found for the thermal gradient in the y direction;
then it is rotated 90 °, and the solution is found for the reciprocal
value of _ and the new thermal gradient in the y direction. The
stress at any point is the algebraic sum of the two stresses found.
18
Similarly_ problems involving gradients that are neither odd nor even
can be separated into two problems, one odd and the other even, and the
stresses found summed.
Finally, it was found unnecessary to evaluate the solutions at
values of _ greater than 3. Suchvalues result in the solution for
the semi-infinite plate] hence, infinity can be regarded as 3 for this
problem. It is to be noted that, for the larger values of _, the solu-




























coefficients of homogeneous solutions to differential equa-
tion for stress function
semichord and semispan dimensions of p].ate, respectively
coefficients of functions in homogeneous solutions to differ-
ential equation for stress function
coefficients of functions in particular solutions to differ-
ential equation for stress function
Young's modulus
reference value of Young's modulus
combining coefficients for complete stress at any point
mesh spacing in finite difference grid
Laplacian of Fx_T
polynomial associated with kth station function in y
coefficients of polynomial associated with ith station
temperature function
reference temperature
even portion of temperature function
2O
Todd odd portion of temperature function
W Airy's stress function in _j _ coordinate system




coefficient of linear thermal expansion
coefficient of linear thermal expansion at reference
temperature




i, k=j8kj Kroniker's delta, 8kj = 0, k/j
chordwise and spanwise coordinates, respectively
@,@i dimensionless spanwise stress
h, hi dimensionless shear stress
°x, at longitudinal stress






j_k product for all values of j except j=k
V 2
stress function
solution function to differential equations for stress
V 4
_2 _2
Laplacian operator, -_+ _y2
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- e AND ¢ FU_ICTIONS FOR EVEN T]_vIPERATURE DISTRIBUTIONS; 13 = 0. i0





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE IX. - 8 AND $ FUNCTIONS FOR EVEN TEMPERATURE DISTRIBUTIONS; 13= O.50
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TABLE XI. - _ AND ¢ FUNCTIONS FOR EVEN TEMPERATURE DISTR1-BUTIONS; 13 = 0.75

















































































































































































































































































































































































































































































































































- (9 AND ¢ FUNCTIONS FOR EVEN T_W_PERATURE DISTRIBUTIONS; 13 = 1.O0




















































































































































































































































































































































































































































































































































































AND @ FUNCTIONS FOR EVEN T}_4PERATURE DISTRIBUTIONS; _ = 1.25
















































































































































































































































































































































































































































































































































- @ AND ¢ FUNCTIONS FOR EVEN T_4PERATURE DISTRIBUTIONS; 13 = 1.50


























































































































































































































































































































































































































































































































































































































































































































































































































- e AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; B = I. 75





























































































































































































































- 8 AND ¢ FUNCTIONS FOR EVEN T_MPERATURE DISTRIBUTIONS; _ = 2.00












































































































































































































































































































































































































































































































































































































































































































































































































































AND ¢ FUNCTIONS FOR ODD TEMPERATURE DISTRIBUTIONS; _ = 2.50















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE XXIX. - COEFFICIENTS OF STRESS















































TABLE XKX. - COEFFICIENTS OF STRESS FUNCTIONS






























































































TABLE XXXII. - VARIABLE COEFFICIENTS OF STRESS FUNCTIONS IN x FOR ODD
TEMPERATURE DISTRIBUTIONS
AJk
k = I k = 2 k = 3
7.010xlO -4 -6.655xi0 -5 9.622×10 -4
1.877×i0 -Z -2.314xi0 -S -3.913xi0-4































1.091xlO -4 1_s.T72xlo -8
2 998XI0 -4 I !.533XI0 -7
• m I 8
A.429xI0 -_ | -3. 241xi0-"
_.9_4xzo -5 |-4.347xzo-S I
1.os7×1o_i I.I25×io !






















1.229x10 -5 2 656X10 -lO 5.271X10 -7
5.3 8xlO3398× o IO












































































































6 !5. 567x10- I -3.272><10 -5
-9 _i,39xtO -6 2.495xlO-b_
• i



















-1.270x10 -9 -4.388x10 -9
1.310xlO -9 5.580xi0 -9


































! TABLE XXXIII. - COMPARISON OF CALCULATED WITH
EXACT DIMENSIONLESS STRESS ALONG CHORD
FAR FROM END OF SEMI-INFINITE




























































....... ;;;;;_;i ril_ ",," h !!F!
ii;;;i ;; 13',:ii [ii[i +t! Jt it!
iii@LilJi;{_i-i,_iLq_,,, t_
........7I! ::,I]
:::::::::'[g+T _ "lFI il! IHI
[I'.P_ft!+,._iim;i;:_ 7IN_i i,ii
lllll_lfi !II'-!_i _ ;i[i i'_
.2 .4 .6 .8
Dimensionless spanwise


































F_uz'u 2. - &tz'{::ss _'k<_to odd thermal _6radlent for s['an-cho=_d ratlo ,_== O.lO.
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F1rsure iI. - Stress due to even
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(b) x,y coordinate system.
Figure 27. - Coordinate systems used to calculate stresses





















































Figure 2f!. - Compari_;on of calculated and exact dimensionless
stresses along chord far from end of semi-infinite plate for
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Chordwise distance, y
Figure 29. - Stresses along semichord at center of
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Spanwlse distance, x
Fig_ire 30. - Stresses along semispan a _ center of 2 by i

































Figure 31. - Plot of _ against x at y = -0.<9 for a 3 by l plate}






























Figure _2. - Plot of _ against x at y = -0._ l'or a 3 by ! p!at__;
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Chordwlse distance, y
Figure 55. - Plot of _ against y at x = 0
plate, exact and collocation methods;
T/T ° = 1.014 - 0.089¢0 y + 0.001074 (i - y)9.
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